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Neutrino scattering 

Beyond the exciting oscillation programme, neutrino 
scattering has taught us a lot of different physics…

First NC measurement at 
Gargamelle.
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Structure of the nucleons (PDFs, 
strangeness of nucleon).

Electroweak measurements

…but novel neutrino interactions remain relatively unexplored.
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events

DUNE near detector
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DUNE ND  expects           nu events /12.81e21 P.O.T./ 35 t of LArO(108)
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<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwK lg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwK lg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwK lg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwK lg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

Neutrino-electron scattering

e
<latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit>

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

e
<latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit>

µ
<latexit sha1_base64="9gZXkPcB7luh/h+Dcn3hVadMSrc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lph4YAIXsrfswYb9uOzumZALv8HGQmNs/UF2/hsXuELBl0zy8t5MZubFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaEgUV/oxxoZyJmlomeX0MdUUi5jTbjy5nfvdJ6oNU/LBTlMaCTySLGEEWyeF9b7I6oNqzW/4C6B1EhSkBgXag+pXf6hIJqi0hGNjeoGf2ijH2jLC6azSzwxNMZngEe05KrGgJsoXx87QhVOGKFHalbRoof6eyLEwZipi1ymwHZtVby7+5/Uym1xHOZNpZqkky0VJxpFVaP45GjJNieVTRzDRzN2KyBhrTKzLp+JCCFZfXiedZiPwG8F9s9a6KeIowxmcwyUEcAUtuIM2hECAwTO8wpsnvRfv3ftYtpa8YuYU/sD7/AEVjY4w</latexit><latexit sha1_base64="9gZXkPcB7luh/h+Dcn3hVadMSrc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lph4YAIXsrfswYb9uOzumZALv8HGQmNs/UF2/hsXuELBl0zy8t5MZubFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaEgUV/oxxoZyJmlomeX0MdUUi5jTbjy5nfvdJ6oNU/LBTlMaCTySLGEEWyeF9b7I6oNqzW/4C6B1EhSkBgXag+pXf6hIJqi0hGNjeoGf2ijH2jLC6azSzwxNMZngEe05KrGgJsoXx87QhVOGKFHalbRoof6eyLEwZipi1ymwHZtVby7+5/Uym1xHOZNpZqkky0VJxpFVaP45GjJNieVTRzDRzN2KyBhrTKzLp+JCCFZfXiedZiPwG8F9s9a6KeIowxmcwyUEcAUtuIM2hECAwTO8wpsnvRfv3ftYtpa8YuYU/sD7/AEVjY4w</latexit><latexit sha1_base64="9gZXkPcB7luh/h+Dcn3hVadMSrc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lph4YAIXsrfswYb9uOzumZALv8HGQmNs/UF2/hsXuELBl0zy8t5MZubFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaEgUV/oxxoZyJmlomeX0MdUUi5jTbjy5nfvdJ6oNU/LBTlMaCTySLGEEWyeF9b7I6oNqzW/4C6B1EhSkBgXag+pXf6hIJqi0hGNjeoGf2ijH2jLC6azSzwxNMZngEe05KrGgJsoXx87QhVOGKFHalbRoof6eyLEwZipi1ymwHZtVby7+5/Uym1xHOZNpZqkky0VJxpFVaP45GjJNieVTRzDRzN2KyBhrTKzLp+JCCFZfXiedZiPwG8F9s9a6KeIowxmcwyUEcAUtuIM2hECAwTO8wpsnvRfv3ftYtpa8YuYU/sD7/AEVjY4w</latexit><latexit sha1_base64="9gZXkPcB7luh/h+Dcn3hVadMSrc=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lph4YAIXsrfswYb9uOzumZALv8HGQmNs/UF2/hsXuELBl0zy8t5MZubFKWfG+v63V9rY3NreKe9W9vYPDo+qxycdozJNaEgUV/oxxoZyJmlomeX0MdUUi5jTbjy5nfvdJ6oNU/LBTlMaCTySLGEEWyeF9b7I6oNqzW/4C6B1EhSkBgXag+pXf6hIJqi0hGNjeoGf2ijH2jLC6azSzwxNMZngEe05KrGgJsoXx87QhVOGKFHalbRoof6eyLEwZipi1ymwHZtVby7+5/Uym1xHOZNpZqkky0VJxpFVaP45GjJNieVTRzDRzN2KyBhrTKzLp+JCCFZfXiedZiPwG8F9s9a6KeIowxmcwyUEcAUtuIM2hECAwTO8wpsnvRfv3ftYtpa8YuYU/sD7/AEVjY4w</latexit>

n
<latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit><latexit sha1_base64="oEwIUNcAXfPrPer+0x5L5aJ7VOk=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQ1VVB+WKW3MXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieO1nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3a95rk1775eadzkcRThDM7hEjy4ggbcQRNawGAEz/AKb450Xpx352PZWnDymVP4A+fzB44gjUw=</latexit>

p
<latexit sha1_base64="vMkYdyzT1SOUpdOKpUtlXLJbbVA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQzWpDsoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+16zXNr3n290rjJ4yjCGZzDJXhwBQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD5EqjU4=</latexit><latexit sha1_base64="vMkYdyzT1SOUpdOKpUtlXLJbbVA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQzWpDsoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+16zXNr3n290rjJ4yjCGZzDJXhwBQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD5EqjU4=</latexit><latexit sha1_base64="vMkYdyzT1SOUpdOKpUtlXLJbbVA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQzWpDsoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+16zXNr3n290rjJ4yjCGZzDJXhwBQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD5EqjU4=</latexit><latexit sha1_base64="vMkYdyzT1SOUpdOKpUtlXLJbbVA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lhjlI4EL2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST27nfeeLaiFg94jThfkRHSoSCUbTSQzWpDsoVt+YuQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8NrPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+16zXNr3n290rjJ4yjCGZzDJXhwBQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD5EqjU4=</latexit>

Neutrino-hadron scattering

O(108)
<latexit sha1_base64="SzdABzvRB0HhXYlX7tn6ZvNLydE=">AAAB/HicbVDLTsJAFL3FF+KrytJNI5jghrRsZEl0405M5JFAJdNhChOm02ZmatI0+CtuXGiMWz/EnX/jFLpQ8CSTnJxzb+6Z40WMSmXb30ZhY3Nre6e4W9rbPzg8Mo9PujKMBSYdHLJQ9D0kCaOcdBRVjPQjQVDgMdLzZteZ33skQtKQ36skIm6AJpz6FCOlpZFZrg4DpKYYsfR2XnPsh+ZFdWRW7Lq9gLVOnJxUIEd7ZH4NxyGOA8IVZkjKgWNHyk2RUBQzMi8NY0kihGdoQgaachQQ6aaL8HPrXCtjyw+FflxZC/X3RooCKZPA05NZUrnqZeJ/3iBWftNNKY9iRTheHvJjZqnQypqwxlQQrFiiCcKC6qwWniKBsNJ9lXQJzuqX10m3UXfsunPXqLSu8jqKcApnUAMHLqEFN9CGDmBI4Ble4c14Ml6Md+NjOVow8p0y/IHx+QOp5JN0</latexit><latexit sha1_base64="SzdABzvRB0HhXYlX7tn6ZvNLydE=">AAAB/HicbVDLTsJAFL3FF+KrytJNI5jghrRsZEl0405M5JFAJdNhChOm02ZmatI0+CtuXGiMWz/EnX/jFLpQ8CSTnJxzb+6Z40WMSmXb30ZhY3Nre6e4W9rbPzg8Mo9PujKMBSYdHLJQ9D0kCaOcdBRVjPQjQVDgMdLzZteZ33skQtKQ36skIm6AJpz6FCOlpZFZrg4DpKYYsfR2XnPsh+ZFdWRW7Lq9gLVOnJxUIEd7ZH4NxyGOA8IVZkjKgWNHyk2RUBQzMi8NY0kihGdoQgaachQQ6aaL8HPrXCtjyw+FflxZC/X3RooCKZPA05NZUrnqZeJ/3iBWftNNKY9iRTheHvJjZqnQypqwxlQQrFiiCcKC6qwWniKBsNJ9lXQJzuqX10m3UXfsunPXqLSu8jqKcApnUAMHLqEFN9CGDmBI4Ble4c14Ml6Md+NjOVow8p0y/IHx+QOp5JN0</latexit><latexit sha1_base64="SzdABzvRB0HhXYlX7tn6ZvNLydE=">AAAB/HicbVDLTsJAFL3FF+KrytJNI5jghrRsZEl0405M5JFAJdNhChOm02ZmatI0+CtuXGiMWz/EnX/jFLpQ8CSTnJxzb+6Z40WMSmXb30ZhY3Nre6e4W9rbPzg8Mo9PujKMBSYdHLJQ9D0kCaOcdBRVjPQjQVDgMdLzZteZ33skQtKQ36skIm6AJpz6FCOlpZFZrg4DpKYYsfR2XnPsh+ZFdWRW7Lq9gLVOnJxUIEd7ZH4NxyGOA8IVZkjKgWNHyk2RUBQzMi8NY0kihGdoQgaachQQ6aaL8HPrXCtjyw+FflxZC/X3RooCKZPA05NZUrnqZeJ/3iBWftNNKY9iRTheHvJjZqnQypqwxlQQrFiiCcKC6qwWniKBsNJ9lXQJzuqX10m3UXfsunPXqLSu8jqKcApnUAMHLqEFN9CGDmBI4Ble4c14Ml6Md+NjOVow8p0y/IHx+QOp5JN0</latexit><latexit sha1_base64="SzdABzvRB0HhXYlX7tn6ZvNLydE=">AAAB/HicbVDLTsJAFL3FF+KrytJNI5jghrRsZEl0405M5JFAJdNhChOm02ZmatI0+CtuXGiMWz/EnX/jFLpQ8CSTnJxzb+6Z40WMSmXb30ZhY3Nre6e4W9rbPzg8Mo9PujKMBSYdHLJQ9D0kCaOcdBRVjPQjQVDgMdLzZteZ33skQtKQ36skIm6AJpz6FCOlpZFZrg4DpKYYsfR2XnPsh+ZFdWRW7Lq9gLVOnJxUIEd7ZH4NxyGOA8IVZkjKgWNHyk2RUBQzMi8NY0kihGdoQgaachQQ6aaL8HPrXCtjyw+FflxZC/X3RooCKZPA05NZUrnqZeJ/3iBWftNNKY9iRTheHvJjZqnQypqwxlQQrFiiCcKC6qwWniKBsNJ9lXQJzuqX10m3UXfsunPXqLSu8jqKcApnUAMHLqEFN9CGDmBI4Ble4c14Ml6Md+NjOVow8p0y/IHx+QOp5JN0</latexit>

O(105)
<latexit sha1_base64="yQEGZGIr/GdCnd7kLzYOMeue3oQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBFuhbkpSEF0W3bizgn1AG8tkOmmHTiZhZiKEUH/FjQtF3Poh7vwbJ20W2npg4HDOvdwzx4sYlcq2v43C2vrG5lZxu7Szu7d/YB4edWQYC0zaOGSh6HlIEkY5aSuqGOlFgqDAY6TrTa8zv/tIhKQhv1dJRNwAjTn1KUZKS0OzXB0ESE0wYuntrObYD+dn1aFZsev2HNYqcXJSgRytofk1GIU4DghXmCEp+44dKTdFQlHMyKw0iCWJEJ6iMelrylFApJvOw8+sU62MLD8U+nFlzdXfGykKpEwCT09mSeWyl4n/ef1Y+ZduSnkUK8Lx4pAfM0uFVtaENaKCYMUSTRAWVGe18AQJhJXuq6RLcJa/vEo6jbpj1527RqV5lddRhGM4gRo4cAFNuIEWtAFDAs/wCm/Gk/FivBsfi9GCke+U4Q+Mzx+lUpNx</latexit><latexit sha1_base64="yQEGZGIr/GdCnd7kLzYOMeue3oQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBFuhbkpSEF0W3bizgn1AG8tkOmmHTiZhZiKEUH/FjQtF3Poh7vwbJ20W2npg4HDOvdwzx4sYlcq2v43C2vrG5lZxu7Szu7d/YB4edWQYC0zaOGSh6HlIEkY5aSuqGOlFgqDAY6TrTa8zv/tIhKQhv1dJRNwAjTn1KUZKS0OzXB0ESE0wYuntrObYD+dn1aFZsev2HNYqcXJSgRytofk1GIU4DghXmCEp+44dKTdFQlHMyKw0iCWJEJ6iMelrylFApJvOw8+sU62MLD8U+nFlzdXfGykKpEwCT09mSeWyl4n/ef1Y+ZduSnkUK8Lx4pAfM0uFVtaENaKCYMUSTRAWVGe18AQJhJXuq6RLcJa/vEo6jbpj1527RqV5lddRhGM4gRo4cAFNuIEWtAFDAs/wCm/Gk/FivBsfi9GCke+U4Q+Mzx+lUpNx</latexit><latexit sha1_base64="yQEGZGIr/GdCnd7kLzYOMeue3oQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBFuhbkpSEF0W3bizgn1AG8tkOmmHTiZhZiKEUH/FjQtF3Poh7vwbJ20W2npg4HDOvdwzx4sYlcq2v43C2vrG5lZxu7Szu7d/YB4edWQYC0zaOGSh6HlIEkY5aSuqGOlFgqDAY6TrTa8zv/tIhKQhv1dJRNwAjTn1KUZKS0OzXB0ESE0wYuntrObYD+dn1aFZsev2HNYqcXJSgRytofk1GIU4DghXmCEp+44dKTdFQlHMyKw0iCWJEJ6iMelrylFApJvOw8+sU62MLD8U+nFlzdXfGykKpEwCT09mSeWyl4n/ef1Y+ZduSnkUK8Lx4pAfM0uFVtaENaKCYMUSTRAWVGe18AQJhJXuq6RLcJa/vEo6jbpj1527RqV5lddRhGM4gRo4cAFNuIEWtAFDAs/wCm/Gk/FivBsfi9GCke+U4Q+Mzx+lUpNx</latexit><latexit sha1_base64="yQEGZGIr/GdCnd7kLzYOMeue3oQ=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBFuhbkpSEF0W3bizgn1AG8tkOmmHTiZhZiKEUH/FjQtF3Poh7vwbJ20W2npg4HDOvdwzx4sYlcq2v43C2vrG5lZxu7Szu7d/YB4edWQYC0zaOGSh6HlIEkY5aSuqGOlFgqDAY6TrTa8zv/tIhKQhv1dJRNwAjTn1KUZKS0OzXB0ESE0wYuntrObYD+dn1aFZsev2HNYqcXJSgRytofk1GIU4DghXmCEp+44dKTdFQlHMyKw0iCWJEJ6iMelrylFApJvOw8+sU62MLD8U+nFlzdXfGykKpEwCT09mSeWyl4n/ef1Y+ZduSnkUK8Lx4pAfM0uFVtaENaKCYMUSTRAWVGe18AQJhJXuq6RLcJa/vEo6jbpj1527RqV5lddRhGM4gRo4cAFNuIEWtAFDAs/wCm/Gk/FivBsfi9GCke+U4Q+Mzx+lUpNx</latexit>events
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⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

e
<latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit><latexit sha1_base64="x1flP+0EroOkHeho/TAgYE5WFOA=">AAACH3icbVDLTgIxFO3gC/EFunTTCCauyAwbXRLduMQojwQI6ZQLNHQ6k/aOyWTCJ7jVtV/jzrjlbywDCwFP0uTknPvq8SMpDLru3Mnt7O7tH+QPC0fHJ6dnxdJ5y4Sx5tDkoQx1x2cGpFDQRIESOpEGFvgS2v70YeG3X0EbEaoXTCLoB2ysxEhwhlZ6rkBlUCy7VTcD3SbeipTJCo1BydnvDUMeB6CQS2ZM13Mj7KdMo+ASZoVebCBifMrG0LVUsQBMP81undFrqwzpKNT2KaSZ+rcjZYExSeDbyoDhxGx6C/E/rxvj6K6fChXFCIovF41iSTGki4/TodDAUSaWMK6FvZXyCdOMo41nbUs0SYzgxo6gjSWlvmaUqSGdAlIVYhZewSbnbea0TVq1qudWvadauX6/yjBPLskVuSEeuSV18kgapEk4GZM38k4+nE/ny/l2fpalOWfVc0HW4Mx/AWztoNw=</latexit>

A
<latexit sha1_base64="DAge86TxnYa/m0r6OFTh2f1s8r8=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXaJuXGKURwINmU6nMGE6bWZuTZqGT3Cra7/GnXHL3zhAFwKeZJKTc+5rjhcLrsG251ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9GHh916Z0jySL5DGzA3JWPKAUwJGeq7f1UeVmt2wl8DbxMlJDeVoj6pWcehHNAmZBCqI1gPHjsHNiAJOBZuVh4lmMaFTMmYDQyUJmXaz5a0zfGUUHweRMk8CXqp/OzISap2GnqkMCUz0prcQ//MGCQS3bsZlnACTdLUoSASGCC8+jn2uGAWRGkKo4uZWTCdEEQomnrUt8STVnGozArdXFHuKYCJ9PGWAZQTL8MomOWczp23SbTYcu+E8NWut+zzDErpAl+gaOegGtdAjaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcGa/wIuxaC4</latexit><latexit sha1_base64="DAge86TxnYa/m0r6OFTh2f1s8r8=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXaJuXGKURwINmU6nMGE6bWZuTZqGT3Cra7/GnXHL3zhAFwKeZJKTc+5rjhcLrsG251ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9GHh916Z0jySL5DGzA3JWPKAUwJGeq7f1UeVmt2wl8DbxMlJDeVoj6pWcehHNAmZBCqI1gPHjsHNiAJOBZuVh4lmMaFTMmYDQyUJmXaz5a0zfGUUHweRMk8CXqp/OzISap2GnqkMCUz0prcQ//MGCQS3bsZlnACTdLUoSASGCC8+jn2uGAWRGkKo4uZWTCdEEQomnrUt8STVnGozArdXFHuKYCJ9PGWAZQTL8MomOWczp23SbTYcu+E8NWut+zzDErpAl+gaOegGtdAjaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcGa/wIuxaC4</latexit><latexit sha1_base64="DAge86TxnYa/m0r6OFTh2f1s8r8=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXaJuXGKURwINmU6nMGE6bWZuTZqGT3Cra7/GnXHL3zhAFwKeZJKTc+5rjhcLrsG251ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9GHh916Z0jySL5DGzA3JWPKAUwJGeq7f1UeVmt2wl8DbxMlJDeVoj6pWcehHNAmZBCqI1gPHjsHNiAJOBZuVh4lmMaFTMmYDQyUJmXaz5a0zfGUUHweRMk8CXqp/OzISap2GnqkMCUz0prcQ//MGCQS3bsZlnACTdLUoSASGCC8+jn2uGAWRGkKo4uZWTCdEEQomnrUt8STVnGozArdXFHuKYCJ9PGWAZQTL8MomOWczp23SbTYcu+E8NWut+zzDErpAl+gaOegGtdAjaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcGa/wIuxaC4</latexit><latexit sha1_base64="DAge86TxnYa/m0r6OFTh2f1s8r8=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXaJuXGKURwINmU6nMGE6bWZuTZqGT3Cra7/GnXHL3zhAFwKeZJKTc+5rjhcLrsG251ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9GHh916Z0jySL5DGzA3JWPKAUwJGeq7f1UeVmt2wl8DbxMlJDeVoj6pWcehHNAmZBCqI1gPHjsHNiAJOBZuVh4lmMaFTMmYDQyUJmXaz5a0zfGUUHweRMk8CXqp/OzISap2GnqkMCUz0prcQ//MGCQS3bsZlnACTdLUoSASGCC8+jn2uGAWRGkKo4uZWTCdEEQomnrUt8STVnGozArdXFHuKYCJ9PGWAZQTL8MomOWczp23SbTYcu+E8NWut+zzDErpAl+gaOegGtdAjaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcGa/wIuxaC4</latexit>

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

Neutrino-electron scattering
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Neutrino trident production
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Renewed interest
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Atmospheric neutrino trident production.

Renewed interest, leading bound in                  model.

High rates for DUNE ND and SHiP for unobserved channels.

Charged scalars influence on CC channels.

[W. Altmannshoffer et al, 2014]

[G. Magill et al, 2016]

[G. Magill et al, 2017]

[SF Ge et al, 2017]

[A. Falkowski et al, 2018]Trident constraints on EFT.
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Economical/likely: extend the SM by an extra abelian gauge group. 

Dark photons — below EW scale, generates couplings mainly to electric 
charge: 

Far from being the only possibility. The SM gives us global symmetries which 
we can gauge

6

Light new forces — additional 
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Accident tree-level symmetries of the SM 
(      , approx symmetry with massive neutrinos) L↵
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See [M. Bauer, 2018]
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Goodybag        

No extra particle content.

L↵ � L� , (↵ 6= �)
<latexit sha1_base64="1R9stzylBDvHh3ZwzAahl03fIh0="></latexit><latexit sha1_base64="1R9stzylBDvHh3ZwzAahl03fIh0="></latexit><latexit sha1_base64="1R9stzylBDvHh3ZwzAahl03fIh0="></latexit><latexit sha1_base64="1R9stzylBDvHh3ZwzAahl03fIh0="></latexit>

Lµ � L⌧
<latexit sha1_base64="wzABpHXG4lzW6TyccgiUvoTa7Oo=">AAAB+XicbVC7TgJBFL2LL8TXqqXNRDCxkezSaEm0sbDARB4JbMjsMAsTZnY38yAhG/7ExkJjbP0TO//GAbZQ8CQ39+ScezN3TphyprTnfTuFjc2t7Z3ibmlv/+DwyD0+aanESEKbJOGJ7IRYUc5i2tRMc9pJJcUi5LQdju/mfntCpWJJ/KSnKQ0EHsYsYgRrK/Vdt/LQ7wmDrpDtGptK3y17VW8BtE78nJQhR6PvfvUGCTGCxppwrFTX91IdZFhqRjidlXpG0RSTMR7SrqUxFlQF2eLyGbqwygBFibQVa7RQf29kWCg1FaGdFFiP1Ko3F//zukZHN0HG4tRoGpPlQ5HhSCdoHgMaMEmJ5lNLMJHM3orICEtMtA2rZEPwV7+8Tlq1qu9V/cdauX6bx1GEMziHS/DhGupwDw1oAoEJPMMrvDmZ8+K8Ox/L0YKT75zCHzifP3BDkjg=</latexit><latexit sha1_base64="wzABpHXG4lzW6TyccgiUvoTa7Oo=">AAAB+XicbVC7TgJBFL2LL8TXqqXNRDCxkezSaEm0sbDARB4JbMjsMAsTZnY38yAhG/7ExkJjbP0TO//GAbZQ8CQ39+ScezN3TphyprTnfTuFjc2t7Z3ibmlv/+DwyD0+aanESEKbJOGJ7IRYUc5i2tRMc9pJJcUi5LQdju/mfntCpWJJ/KSnKQ0EHsYsYgRrK/Vdt/LQ7wmDrpDtGptK3y17VW8BtE78nJQhR6PvfvUGCTGCxppwrFTX91IdZFhqRjidlXpG0RSTMR7SrqUxFlQF2eLyGbqwygBFibQVa7RQf29kWCg1FaGdFFiP1Ko3F//zukZHN0HG4tRoGpPlQ5HhSCdoHgMaMEmJ5lNLMJHM3orICEtMtA2rZEPwV7+8Tlq1qu9V/cdauX6bx1GEMziHS/DhGupwDw1oAoEJPMMrvDmZ8+K8Ox/L0YKT75zCHzifP3BDkjg=</latexit><latexit sha1_base64="wzABpHXG4lzW6TyccgiUvoTa7Oo=">AAAB+XicbVC7TgJBFL2LL8TXqqXNRDCxkezSaEm0sbDARB4JbMjsMAsTZnY38yAhG/7ExkJjbP0TO//GAbZQ8CQ39+ScezN3TphyprTnfTuFjc2t7Z3ibmlv/+DwyD0+aanESEKbJOGJ7IRYUc5i2tRMc9pJJcUi5LQdju/mfntCpWJJ/KSnKQ0EHsYsYgRrK/Vdt/LQ7wmDrpDtGptK3y17VW8BtE78nJQhR6PvfvUGCTGCxppwrFTX91IdZFhqRjidlXpG0RSTMR7SrqUxFlQF2eLyGbqwygBFibQVa7RQf29kWCg1FaGdFFiP1Ko3F//zukZHN0HG4tRoGpPlQ5HhSCdoHgMaMEmJ5lNLMJHM3orICEtMtA2rZEPwV7+8Tlq1qu9V/cdauX6bx1GEMziHS/DhGupwDw1oAoEJPMMrvDmZ8+K8Ox/L0YKT75zCHzifP3BDkjg=</latexit><latexit sha1_base64="wzABpHXG4lzW6TyccgiUvoTa7Oo=">AAAB+XicbVC7TgJBFL2LL8TXqqXNRDCxkezSaEm0sbDARB4JbMjsMAsTZnY38yAhG/7ExkJjbP0TO//GAbZQ8CQ39+ScezN3TphyprTnfTuFjc2t7Z3ibmlv/+DwyD0+aanESEKbJOGJ7IRYUc5i2tRMc9pJJcUi5LQdju/mfntCpWJJ/KSnKQ0EHsYsYgRrK/Vdt/LQ7wmDrpDtGptK3y17VW8BtE78nJQhR6PvfvUGCTGCxppwrFTX91IdZFhqRjidlXpG0RSTMR7SrqUxFlQF2eLyGbqwygBFibQVa7RQf29kWCg1FaGdFFiP1Ko3F//zukZHN0HG4tRoGpPlQ5HhSCdoHgMaMEmJ5lNLMJHM3orICEtMtA2rZEPwV7+8Tlq1qu9V/cdauX6bx1GEMziHS/DhGupwDw1oAoEJPMMrvDmZ8+K8Ox/L0YKT75zCHzifP3BDkjg=</latexit>

Le � Lµ
<latexit sha1_base64="28xKtmSi9ujH9HwGJRl2s1kPYtA=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWFBgIh8JXC57ywIbdvfO3T0ScuF32FhojK0/xs5/4wJXKPiSSV7em8nMvDDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfEmnImadMww2knVhSLkNN2OL6b++0JVZpF8tFMY+oLPJRswAg2VvLL9YCiK1QPeiIpB8WSW3EXQOvEy0gJMjSC4levH5FEUGkIx1p3PTc2foqVYYTTWaGXaBpjMsZD2rVUYkG1ny6OnqELq/TRIFK2pEEL9fdEioXWUxHaToHNSK96c/E/r5uYwY2fMhknhkqyXDRIODIRmieA+kxRYvjUEkwUs7ciMsIKE2NzKtgQvNWX10mrWvHcivdQLdVuszjycAbncAkeXEMN7qEBTSDwBM/wCm/OxHlx3p2PZWvOyWZO4Q+czx+Tm5Co</latexit><latexit sha1_base64="28xKtmSi9ujH9HwGJRl2s1kPYtA=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWFBgIh8JXC57ywIbdvfO3T0ScuF32FhojK0/xs5/4wJXKPiSSV7em8nMvDDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfEmnImadMww2knVhSLkNN2OL6b++0JVZpF8tFMY+oLPJRswAg2VvLL9YCiK1QPeiIpB8WSW3EXQOvEy0gJMjSC4levH5FEUGkIx1p3PTc2foqVYYTTWaGXaBpjMsZD2rVUYkG1ny6OnqELq/TRIFK2pEEL9fdEioXWUxHaToHNSK96c/E/r5uYwY2fMhknhkqyXDRIODIRmieA+kxRYvjUEkwUs7ciMsIKE2NzKtgQvNWX10mrWvHcivdQLdVuszjycAbncAkeXEMN7qEBTSDwBM/wCm/OxHlx3p2PZWvOyWZO4Q+czx+Tm5Co</latexit><latexit sha1_base64="28xKtmSi9ujH9HwGJRl2s1kPYtA=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWFBgIh8JXC57ywIbdvfO3T0ScuF32FhojK0/xs5/4wJXKPiSSV7em8nMvDDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfEmnImadMww2knVhSLkNN2OL6b++0JVZpF8tFMY+oLPJRswAg2VvLL9YCiK1QPeiIpB8WSW3EXQOvEy0gJMjSC4levH5FEUGkIx1p3PTc2foqVYYTTWaGXaBpjMsZD2rVUYkG1ny6OnqELq/TRIFK2pEEL9fdEioXWUxHaToHNSK96c/E/r5uYwY2fMhknhkqyXDRIODIRmieA+kxRYvjUEkwUs7ciMsIKE2NzKtgQvNWX10mrWvHcivdQLdVuszjycAbncAkeXEMN7qEBTSDwBM/wCm/OxHlx3p2PZWvOyWZO4Q+czx+Tm5Co</latexit><latexit sha1_base64="28xKtmSi9ujH9HwGJRl2s1kPYtA=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWFBgIh8JXC57ywIbdvfO3T0ScuF32FhojK0/xs5/4wJXKPiSSV7em8nMvDDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfEmnImadMww2knVhSLkNN2OL6b++0JVZpF8tFMY+oLPJRswAg2VvLL9YCiK1QPeiIpB8WSW3EXQOvEy0gJMjSC4levH5FEUGkIx1p3PTc2foqVYYTTWaGXaBpjMsZD2rVUYkG1ny6OnqELq/TRIFK2pEEL9fdEioXWUxHaToHNSK96c/E/r5uYwY2fMhknhkqyXDRIODIRmieA+kxRYvjUEkwUs7ciMsIKE2NzKtgQvNWX10mrWvHcivdQLdVuszjycAbncAkeXEMN7qEBTSDwBM/wCm/OxHlx3p2PZWvOyWZO4Q+czx+Tm5Co</latexit>

Promote it to an abelian 
gauge symmetry 

SU(3)c ⇥ SU(2)L ⇥U(1)Y ⇥U(1)L↵�L�
<latexit sha1_base64="xgu2wPPha/7rrFNclMTxzW2GCGk="></latexit><latexit sha1_base64="xgu2wPPha/7rrFNclMTxzW2GCGk="></latexit><latexit sha1_base64="xgu2wPPha/7rrFNclMTxzW2GCGk="></latexit><latexit sha1_base64="xgu2wPPha/7rrFNclMTxzW2GCGk="></latexit>

B � L<latexit sha1_base64="gswHdJB+tHHiKcyjrPzQi1o4b3M=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTYWFhg4gEJXMjesgcb9nYvu3sm5MJvsLHQGFt/kJ3/xgWuUPAlk7y8N5OZeWHCmTau++0UNja3tneKu6W9/YPDo/LxSVvLVBHqE8ml6oZYU84E9Q0znHYTRXEcctoJJ7dzv/NElWZSPJppQoMYjwSLGMHGSn61eXVfHZQrbs1dAK0TLycVyNEalL/6Q0nSmApDONa657mJCTKsDCOczkr9VNMEkwke0Z6lAsdUB9ni2Bm6sMoQRVLZEgYt1N8TGY61nsah7YyxGetVby7+5/VSE90EGRNJaqggy0VRypGRaP45GjJFieFTSzBRzN6KyBgrTIzNp2RD8FZfXiftes1za95DvdJo5nEU4QzO4RI8uIYG3EELfCDA4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBN+42t</latexit><latexit sha1_base64="gswHdJB+tHHiKcyjrPzQi1o4b3M=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTYWFhg4gEJXMjesgcb9nYvu3sm5MJvsLHQGFt/kJ3/xgWuUPAlk7y8N5OZeWHCmTau++0UNja3tneKu6W9/YPDo/LxSVvLVBHqE8ml6oZYU84E9Q0znHYTRXEcctoJJ7dzv/NElWZSPJppQoMYjwSLGMHGSn61eXVfHZQrbs1dAK0TLycVyNEalL/6Q0nSmApDONa657mJCTKsDCOczkr9VNMEkwke0Z6lAsdUB9ni2Bm6sMoQRVLZEgYt1N8TGY61nsah7YyxGetVby7+5/VSE90EGRNJaqggy0VRypGRaP45GjJFieFTSzBRzN6KyBgrTIzNp2RD8FZfXiftes1za95DvdJo5nEU4QzO4RI8uIYG3EELfCDA4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBN+42t</latexit><latexit sha1_base64="gswHdJB+tHHiKcyjrPzQi1o4b3M=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTYWFhg4gEJXMjesgcb9nYvu3sm5MJvsLHQGFt/kJ3/xgWuUPAlk7y8N5OZeWHCmTau++0UNja3tneKu6W9/YPDo/LxSVvLVBHqE8ml6oZYU84E9Q0znHYTRXEcctoJJ7dzv/NElWZSPJppQoMYjwSLGMHGSn61eXVfHZQrbs1dAK0TLycVyNEalL/6Q0nSmApDONa657mJCTKsDCOczkr9VNMEkwke0Z6lAsdUB9ni2Bm6sMoQRVLZEgYt1N8TGY61nsah7YyxGetVby7+5/VSE90EGRNJaqggy0VRypGRaP45GjJFieFTSzBRzN6KyBgrTIzNp2RD8FZfXiftes1za95DvdJo5nEU4QzO4RI8uIYG3EELfCDA4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBN+42t</latexit><latexit sha1_base64="gswHdJB+tHHiKcyjrPzQi1o4b3M=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTYWFhg4gEJXMjesgcb9nYvu3sm5MJvsLHQGFt/kJ3/xgWuUPAlk7y8N5OZeWHCmTau++0UNja3tneKu6W9/YPDo/LxSVvLVBHqE8ml6oZYU84E9Q0znHYTRXEcctoJJ7dzv/NElWZSPJppQoMYjwSLGMHGSn61eXVfHZQrbs1dAK0TLycVyNEalL/6Q0nSmApDONa657mJCTKsDCOczkr9VNMEkwke0Z6lAsdUB9ni2Bm6sMoQRVLZEgYt1N8TGY61nsah7YyxGetVby7+5/VSE90EGRNJaqggy0VRypGRaP45GjJFieFTSzBRzN6KyBgrTIzNp2RD8FZfXiftes1za95DvdJo5nEU4QzO4RI8uIYG3EELfCDA4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBN+42t</latexit>

%(L↵ � L�) + #(L� � L�)
<latexit sha1_base64="WeoY9pVev3be7NOaAFyIPemgjRc=">AAACKHicbVDLTgIxFO3gC/GFunTTCCYQI5lhozuJbly4wEQeCRBypxSmoZ2ZtB0SMuFz3PgrbozRGLZ+iR2YhaInaXLuOffm9h435Exp255bmbX1jc2t7HZuZ3dv/yB/eNRUQSQJbZCAB7LtgqKc+bShmea0HUoKwuW05Y5vE781oVKxwH/U05D2BIx8NmQEtJH6+etidwJSegEu3fe7wEMP8AU21KUayvgcJ7b2TLFoSNSlPwIhoFzs5wt2xV4A/yVOSgooRb2ff+sOAhIJ6mvCQamOY4e6F5sljHA6y3UjRUMgYxjRjqE+CKp68eLQGT4zygAPA2mer/FC/TkRg1BqKlzTKUB7atVLxP+8TqSHV72Y+WGkqU+Wi4YRxzrASWp4wCQlmk8NASKZ+SsmHkgg2mSbMyE4qyf/Jc1qxbErzkO1ULtJ48iiE3SKSshBl6iG7lAdNRBBT+gFvaMP69l6tT6t+bI1Y6Uzx+gXrK9vMmOjlA==</latexit><latexit sha1_base64="WeoY9pVev3be7NOaAFyIPemgjRc=">AAACKHicbVDLTgIxFO3gC/GFunTTCCYQI5lhozuJbly4wEQeCRBypxSmoZ2ZtB0SMuFz3PgrbozRGLZ+iR2YhaInaXLuOffm9h435Exp255bmbX1jc2t7HZuZ3dv/yB/eNRUQSQJbZCAB7LtgqKc+bShmea0HUoKwuW05Y5vE781oVKxwH/U05D2BIx8NmQEtJH6+etidwJSegEu3fe7wEMP8AU21KUayvgcJ7b2TLFoSNSlPwIhoFzs5wt2xV4A/yVOSgooRb2ff+sOAhIJ6mvCQamOY4e6F5sljHA6y3UjRUMgYxjRjqE+CKp68eLQGT4zygAPA2mer/FC/TkRg1BqKlzTKUB7atVLxP+8TqSHV72Y+WGkqU+Wi4YRxzrASWp4wCQlmk8NASKZ+SsmHkgg2mSbMyE4qyf/Jc1qxbErzkO1ULtJ48iiE3SKSshBl6iG7lAdNRBBT+gFvaMP69l6tT6t+bI1Y6Uzx+gXrK9vMmOjlA==</latexit><latexit sha1_base64="WeoY9pVev3be7NOaAFyIPemgjRc=">AAACKHicbVDLTgIxFO3gC/GFunTTCCYQI5lhozuJbly4wEQeCRBypxSmoZ2ZtB0SMuFz3PgrbozRGLZ+iR2YhaInaXLuOffm9h435Exp255bmbX1jc2t7HZuZ3dv/yB/eNRUQSQJbZCAB7LtgqKc+bShmea0HUoKwuW05Y5vE781oVKxwH/U05D2BIx8NmQEtJH6+etidwJSegEu3fe7wEMP8AU21KUayvgcJ7b2TLFoSNSlPwIhoFzs5wt2xV4A/yVOSgooRb2ff+sOAhIJ6mvCQamOY4e6F5sljHA6y3UjRUMgYxjRjqE+CKp68eLQGT4zygAPA2mer/FC/TkRg1BqKlzTKUB7atVLxP+8TqSHV72Y+WGkqU+Wi4YRxzrASWp4wCQlmk8NASKZ+SsmHkgg2mSbMyE4qyf/Jc1qxbErzkO1ULtJ48iiE3SKSshBl6iG7lAdNRBBT+gFvaMP69l6tT6t+bI1Y6Uzx+gXrK9vMmOjlA==</latexit><latexit sha1_base64="WeoY9pVev3be7NOaAFyIPemgjRc=">AAACKHicbVDLTgIxFO3gC/GFunTTCCYQI5lhozuJbly4wEQeCRBypxSmoZ2ZtB0SMuFz3PgrbozRGLZ+iR2YhaInaXLuOffm9h435Exp255bmbX1jc2t7HZuZ3dv/yB/eNRUQSQJbZCAB7LtgqKc+bShmea0HUoKwuW05Y5vE781oVKxwH/U05D2BIx8NmQEtJH6+etidwJSegEu3fe7wEMP8AU21KUayvgcJ7b2TLFoSNSlPwIhoFzs5wt2xV4A/yVOSgooRb2ff+sOAhIJ6mvCQamOY4e6F5sljHA6y3UjRUMgYxjRjqE+CKp68eLQGT4zygAPA2mer/FC/TkRg1BqKlzTKUB7atVLxP+8TqSHV72Y+WGkqU+Wi4YRxzrASWp4wCQlmk8NASKZ+SsmHkgg2mSbMyE4qyf/Jc1qxbErzkO1ULtJ48iiE3SKSshBl6iG7lAdNRBBT+gFvaMP69l6tT6t+bI1Y6Uzx+gXrK9vMmOjlA==</latexit>

If right-handed neutrinos are added.

Anomaly freedom



M. Hostert

Right quantum charges to explain e/mu non-universality: 

- Measurement of muon (g-2). 
- Flavour anomalies in                     measurements (w/ extra 

minimal model building). 
- Neutrino mixing data (maximal mixing).

8

gaugeLµ � L⌧
<latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit>

[J. Heeck et al, 1107.5238]

b ! s `+ `�
<latexit sha1_base64="XmkOHD8qXl/oV7rqVrpYJ+T23GM=">AAACC3icbVDLSgMxFM3UV62vUZduQltBUMtMN7osunFZwT6gM5ZMeqcNZh4kGaEM3bvxV9y4UMStP+DOvzHTDqKtF5J7OOdeknO8mDOpLOvLKCwtr6yuFddLG5tb2zvm7l5bRomg0KIRj0TXIxI4C6GlmOLQjQWQwOPQ8e4uM71zD0KyKLxR4xjcgAxD5jNKlKb6ZrnqOSfYURHWTWaXA5zfHv+g02rfrFg1a1p4Edg5qKC8mn 3z0xlENAkgVJQTKXu2FSs3JUIxymFSchIJMaF3ZAg9DUMSgHTTqZcJPtTMAPuR0CdUeMr+3khJIOU48PRkQNRIzmsZ+Z/WS5R/7qYsjBMFIZ095Ccca+tZMHjABFDFxxoQKpj+K6YjIghVOr6SDsGet7wI2vWabdXs63qlcZHHUUQHqIyOkI3OUANdoSZqIYoe0BN6Qa/Go/FsvBnvs9GCke/soz9lfHwDps6Xnw==</latexit><latexit sha1_base64="XmkOHD8qXl/oV7rqVrpYJ+T23GM=">AAACC3icbVDLSgMxFM3UV62vUZduQltBUMtMN7osunFZwT6gM5ZMeqcNZh4kGaEM3bvxV9y4UMStP+DOvzHTDqKtF5J7OOdeknO8mDOpLOvLKCwtr6yuFddLG5tb2zvm7l5bRomg0KIRj0TXIxI4C6GlmOLQjQWQwOPQ8e4uM71zD0KyKLxR4xjcgAxD5jNKlKb6ZrnqOSfYURHWTWaXA5zfHv+g02rfrFg1a1p4Edg5qKC8mn 3z0xlENAkgVJQTKXu2FSs3JUIxymFSchIJMaF3ZAg9DUMSgHTTqZcJPtTMAPuR0CdUeMr+3khJIOU48PRkQNRIzmsZ+Z/WS5R/7qYsjBMFIZ095Ccca+tZMHjABFDFxxoQKpj+K6YjIghVOr6SDsGet7wI2vWabdXs63qlcZHHUUQHqIyOkI3OUANdoSZqIYoe0BN6Qa/Go/FsvBnvs9GCke/soz9lfHwDps6Xnw==</latexit><latexit sha1_base64="XmkOHD8qXl/oV7rqVrpYJ+T23GM=">AAACC3icbVDLSgMxFM3UV62vUZduQltBUMtMN7osunFZwT6gM5ZMeqcNZh4kGaEM3bvxV9y4UMStP+DOvzHTDqKtF5J7OOdeknO8mDOpLOvLKCwtr6yuFddLG5tb2zvm7l5bRomg0KIRj0TXIxI4C6GlmOLQjQWQwOPQ8e4uM71zD0KyKLxR4xjcgAxD5jNKlKb6ZrnqOSfYURHWTWaXA5zfHv+g02rfrFg1a1p4Edg5qKC8mn 3z0xlENAkgVJQTKXu2FSs3JUIxymFSchIJMaF3ZAg9DUMSgHTTqZcJPtTMAPuR0CdUeMr+3khJIOU48PRkQNRIzmsZ+Z/WS5R/7qYsjBMFIZ095Ccca+tZMHjABFDFxxoQKpj+K6YjIghVOr6SDsGet7wI2vWabdXs63qlcZHHUUQHqIyOkI3OUANdoSZqIYoe0BN6Qa/Go/FsvBnvs9GCke/soz9lfHwDps6Xnw==</latexit><latexit sha1_base64="XmkOHD8qXl/oV7rqVrpYJ+T23GM=">AAACC3icbVDLSgMxFM3UV62vUZduQltBUMtMN7osunFZwT6gM5ZMeqcNZh4kGaEM3bvxV9y4UMStP+DOvzHTDqKtF5J7OOdeknO8mDOpLOvLKCwtr6yuFddLG5tb2zvm7l5bRomg0KIRj0TXIxI4C6GlmOLQjQWQwOPQ8e4uM71zD0KyKLxR4xjcgAxD5jNKlKb6ZrnqOSfYURHWTWaXA5zfHv+g02rfrFg1a1p4Edg5qKC8mn 3z0xlENAkgVJQTKXu2FSs3JUIxymFSchIJMaF3ZAg9DUMSgHTTqZcJPtTMAPuR0CdUeMr+3khJIOU48PRkQNRIzmsZ+Z/WS5R/7qYsjBMFIZ095Ccca+tZMHjABFDFxxoQKpj+K6YjIghVOr6SDsGet7wI2vWabdXs63qlcZHHUUQHqIyOkI3OUANdoSZqIYoe0BN6Qa/Go/FsvBnvs9GCke/soz9lfHwDps6Xnw==</latexit>

Lint � g0Z 0
↵

�
Lµ�

↵Lµ � L⌧�
↵L⌧ + µR�

↵µR � ⌧R�
↵⌧R

�
, (1)

<latexit sha1_base64="yv6+LJtxqp3WS9xSf/XijHXfGLs="></latexit><latexit sha1_base64="yv6+LJtxqp3WS9xSf/XijHXfGLs="></latexit>

8

[Altmannshofer et al, 1406.2332]
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Kinetic Mixing

99

L
mix

= � "
2

F⇢F 0⇢
<latexit sha1_base64="cquEvXH2JH7tvaQt5izgOIDRcS0="></latexit><latexit sha1_base64="cquEvXH2JH7tvaQt5izgOIDRcS0="></latexit><latexit sha1_base64="cquEvXH2JH7tvaQt5izgOIDRcS0="></latexit><latexit sha1_base64="cquEvXH2JH7tvaQt5izgOIDRcS0="></latexit>

Kinetic mixing term allowed by the symmetries

We assume this term is not present at tree level  

but always generate it, even if at 1-loop:

Z 0
<latexit sha1_base64="+AXpQ0mq0b9rwvdjcyO05sOg7sI=">AAAB8XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIR4CT7C1zsGF377K7Z0II/8LGQmNs/Td2/hsXuELBl0zy8t5MZuaFCWfaeN63k9vY3Nreye8W9vYPDo+KxydNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCse3c7/1hEqzWD6YSYKBIEPJIkaJsVKn3HnsJYoJLPeLJa/iLeCuEz8jJchQ7xe/eoOYpgKloZxo3fW9xARTogyjHGeFXqoxIXRMhti1VBKBOpguLp65F1YZuFGsbEnjLtTfE1MitJ6I0HYKYkZ61ZuL/3nd1ETXwZTJJDUo6XJRlHLXxO78fXfAFFLDJ5YQqpi91aUjogg1NqSCDcFffXmdNKsV36v499VS7SaLIw9ncA6X4MMV1OAO6tAAChKe4RXeHO28OO/Ox7I152Qzp/AHzucPzwOQVQ==</latexit><latexit sha1_base64="+AXpQ0mq0b9rwvdjcyO05sOg7sI=">AAAB8XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIR4CT7C1zsGF377K7Z0II/8LGQmNs/Td2/hsXuELBl0zy8t5MZuaFCWfaeN63k9vY3Nreye8W9vYPDo+KxydNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCse3c7/1hEqzWD6YSYKBIEPJIkaJsVKn3HnsJYoJLPeLJa/iLeCuEz8jJchQ7xe/eoOYpgKloZxo3fW9xARTogyjHGeFXqoxIXRMhti1VBKBOpguLp65F1YZuFGsbEnjLtTfE1MitJ6I0HYKYkZ61ZuL/3nd1ETXwZTJJDUo6XJRlHLXxO78fXfAFFLDJ5YQqpi91aUjogg1NqSCDcFffXmdNKsV36v499VS7SaLIw9ncA6X4MMV1OAO6tAAChKe4RXeHO28OO/Ox7I152Qzp/AHzucPzwOQVQ==</latexit><latexit sha1_base64="+AXpQ0mq0b9rwvdjcyO05sOg7sI=">AAAB8XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIR4CT7C1zsGF377K7Z0II/8LGQmNs/Td2/hsXuELBl0zy8t5MZuaFCWfaeN63k9vY3Nreye8W9vYPDo+KxydNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCse3c7/1hEqzWD6YSYKBIEPJIkaJsVKn3HnsJYoJLPeLJa/iLeCuEz8jJchQ7xe/eoOYpgKloZxo3fW9xARTogyjHGeFXqoxIXRMhti1VBKBOpguLp65F1YZuFGsbEnjLtTfE1MitJ6I0HYKYkZ61ZuL/3nd1ETXwZTJJDUo6XJRlHLXxO78fXfAFFLDJ5YQqpi91aUjogg1NqSCDcFffXmdNKsV36v499VS7SaLIw9ncA6X4MMV1OAO6tAAChKe4RXeHO28OO/Ox7I152Qzp/AHzucPzwOQVQ==</latexit><latexit sha1_base64="+AXpQ0mq0b9rwvdjcyO05sOg7sI=">AAAB8XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIR4CT7C1zsGF377K7Z0II/8LGQmNs/Td2/hsXuELBl0zy8t5MZuaFCWfaeN63k9vY3Nreye8W9vYPDo+KxydNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCse3c7/1hEqzWD6YSYKBIEPJIkaJsVKn3HnsJYoJLPeLJa/iLeCuEz8jJchQ7xe/eoOYpgKloZxo3fW9xARTogyjHGeFXqoxIXRMhti1VBKBOpguLp65F1YZuFGsbEnjLtTfE1MitJ6I0HYKYkZ61ZuL/3nd1ETXwZTJJDUo6XJRlHLXxO78fXfAFFLDJ5YQqpi91aUjogg1NqSCDcFffXmdNKsV36v499VS7SaLIw9ncA6X4MMV1OAO6tAAChKe4RXeHO28OO/Ox7I152Qzp/AHzucPzwOQVQ==</latexit>

�
<latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit><latexit sha1_base64="zhdTqOj/oekiOpmGDA34fUV5ii8=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXMrfswYbdu3N3z4Rc+BM2Fhpj69+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVlLVoLGLVDVAzwSPWMtwI1k0UQxkI1gkmt3O/88SU5nH0YKYJ8yWOIh5yisZK3Wp/hFJidVCuuDV3AbJOvJxUIEdzUP7qD2OaShYZKlDrnucmxs9QGU4Fm5X6qWYJ0gmOWM/SCCXTfra4d0YurDIkYaxsRYYs1N8TGUqtpzKwnRLNWK96c/E/r5ea8NrPeJSkhkV0uShMBTExmT9PhlwxasTUEqSK21sJHaNCamxEJRuCt/ryOmnXa55b8+7rlcZNHkcRzuAcLsGDK2jAHTShBRQEPMMrvDmPzovz7nwsWwtOPnMKf+B8/gBAs49v</latexit>

"(q2) = � eg

0

2⇡2

R 1
0 dxx(1� x) ln

m

2
µ�x(1�x)q2

m

2
⌧�x(1�x)q2

q

2!0���! eg

0

12⇡2 ln
m

2
µ

m

2
⌧

<latexit sha1_base64="A49xGQNOhPpw7iraiYliZ9VpwRM="></latexit><latexit sha1_base64="A49xGQNOhPpw7iraiYliZ9VpwRM="></latexit><latexit sha1_base64="A49xGQNOhPpw7iraiYliZ9VpwRM="></latexit><latexit sha1_base64="A49xGQNOhPpw7iraiYliZ9VpwRM="></latexit>

Additional method to constrain these models!
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Strategy at DUNE

[W. Altmannshoffer et al, 2014]

[Y. Kaneta et al, 2017]
Measure neutrino-electron scattering  
—benefit from the large statistics.

[T. Araki et al, 2017]

Measure neutral current channels of 
neutrino trident production  
— benefit from lower energy of the 
experiment.

10 MeV

100 MeV

g0 = 5.8⇥ 10�4
<latexit sha1_base64="o4fmZGydbswCy80hETTg0b8VIo0=">AAACCHicdVDJSgNBEK2JW4zbqEcPNiaCF8NMUMxFCHrxGMEskJmEnk5P0qRnobtHCEOOXvwVLx4U8eonePNv7CxC3B4UPN6roqqeF3MmlWV9GJmFxaXllexqbm19Y3PL3N6pyygRhNZIxCPR9LCknIW0ppjitBkLigOP04Y3uBz7jVsqJIvCGzWMqRvgXsh8RrDSUsfcL/TaTixYQNE5Oi2WkaM0l8i22unxyajQMfN20ZoAWb/Il5WHGaod893pRiQJaKgIx1K2bCtWboqFYoTTUc5JJI0xGeAebWkaYr3NTSePjNChVrrIj4SuUKGJOj+R4kDKYeDpzgCrvvzpjcW/vFai/LKbsjBOFA3JdJGfcKQiNE4FdZmgRPGhJpgIpm9FpI8FJkpnl5sP4X9SLxVtq2hfl/KVi1kcWdiDAzgCG86gAldQhRoQuIMHeIJn4954NF6M12lrxpjN7MI3GG+f57CXVA==</latexit><latexit sha1_base64="o4fmZGydbswCy80hETTg0b8VIo0=">AAACCHicdVDJSgNBEK2JW4zbqEcPNiaCF8NMUMxFCHrxGMEskJmEnk5P0qRnobtHCEOOXvwVLx4U8eonePNv7CxC3B4UPN6roqqeF3MmlWV9GJmFxaXllexqbm19Y3PL3N6pyygRhNZIxCPR9LCknIW0ppjitBkLigOP04Y3uBz7jVsqJIvCGzWMqRvgXsh8RrDSUsfcL/TaTixYQNE5Oi2WkaM0l8i22unxyajQMfN20ZoAWb/Il5WHGaod893pRiQJaKgIx1K2bCtWboqFYoTTUc5JJI0xGeAebWkaYr3NTSePjNChVrrIj4SuUKGJOj+R4kDKYeDpzgCrvvzpjcW/vFai/LKbsjBOFA3JdJGfcKQiNE4FdZmgRPGhJpgIpm9FpI8FJkpnl5sP4X9SLxVtq2hfl/KVi1kcWdiDAzgCG86gAldQhRoQuIMHeIJn4954NF6M12lrxpjN7MI3GG+f57CXVA==</latexit><latexit sha1_base64="o4fmZGydbswCy80hETTg0b8VIo0=">AAACCHicdVDJSgNBEK2JW4zbqEcPNiaCF8NMUMxFCHrxGMEskJmEnk5P0qRnobtHCEOOXvwVLx4U8eonePNv7CxC3B4UPN6roqqeF3MmlWV9GJmFxaXllexqbm19Y3PL3N6pyygRhNZIxCPR9LCknIW0ppjitBkLigOP04Y3uBz7jVsqJIvCGzWMqRvgXsh8RrDSUsfcL/TaTixYQNE5Oi2WkaM0l8i22unxyajQMfN20ZoAWb/Il5WHGaod893pRiQJaKgIx1K2bCtWboqFYoTTUc5JJI0xGeAebWkaYr3NTSePjNChVrrIj4SuUKGJOj+R4kDKYeDpzgCrvvzpjcW/vFai/LKbsjBOFA3JdJGfcKQiNE4FdZmgRPGhJpgIpm9FpI8FJkpnl5sP4X9SLxVtq2hfl/KVi1kcWdiDAzgCG86gAldQhRoQuIMHeIJn4954NF6M12lrxpjN7MI3GG+f57CXVA==</latexit><latexit sha1_base64="o4fmZGydbswCy80hETTg0b8VIo0=">AAACCHicdVDJSgNBEK2JW4zbqEcPNiaCF8NMUMxFCHrxGMEskJmEnk5P0qRnobtHCEOOXvwVLx4U8eonePNv7CxC3B4UPN6roqqeF3MmlWV9GJmFxaXllexqbm19Y3PL3N6pyygRhNZIxCPR9LCknIW0ppjitBkLigOP04Y3uBz7jVsqJIvCGzWMqRvgXsh8RrDSUsfcL/TaTixYQNE5Oi2WkaM0l8i22unxyajQMfN20ZoAWb/Il5WHGaod893pRiQJaKgIx1K2bCtWboqFYoTTUc5JJI0xGeAebWkaYr3NTSePjNChVrrIj4SuUKGJOj+R4kDKYeDpzgCrvvzpjcW/vFai/LKbsjBOFA3JdJGfcKQiNE4FdZmgRPGhJpgIpm9FpI8FJkpnl5sP4X9SLxVtq2hfl/KVi1kcWdiDAzgCG86gAldQhRoQuIMHeIJn4954NF6M12lrxpjN7MI3GG+f57CXVA==</latexit>

g0 = 9.5⇥ 10�4
<latexit sha1_base64="fjjMcy6nMYzdajz4qX53e9OjRC8=">AAACCHicbZC7SgNBFIbPxluMt1VLCwcTwcawGxS1EII2lhHMBbKbMDuZTYbMXpiZFcKS0sZXsbFQxNZHsPNtnFwQTfxh4OM/53Dm/F7MmVSW9WVkFhaXlleyq7m19Y3NLXN7pyajRBBaJRGPRMPDknIW0qpiitNGLCgOPE7rXv96VK/fUyFZFN6pQUzdAHdD5jOClbba5n6h23JiwQKKLtFF8RQ5SrNEttVKj0+GhbaZt4rWWOgH7FnIw1SVtvnpdCKSBDRUhGMpm7YVKzfFQjHC6TDnJJLGmPRxlzY1hlhvc9PxIUN0qJ0O8iOhX6jQ2P09keJAykHg6c4Aq56crY3M/2rNRPnnbsrCOFE0JJNFfsKRitAoFdRhghLFBxowEUz/FZEeFpgonV1OhzB38jzUSkXbKtq3pXz5ahpHFvbgAI7AhjMoww1UoAoEHuAJXuDVeDSejTfjfdKaMaYzu/BHxsc36TqXVQ==</latexit><latexit sha1_base64="fjjMcy6nMYzdajz4qX53e9OjRC8=">AAACCHicbZC7SgNBFIbPxluMt1VLCwcTwcawGxS1EII2lhHMBbKbMDuZTYbMXpiZFcKS0sZXsbFQxNZHsPNtnFwQTfxh4OM/53Dm/F7MmVSW9WVkFhaXlleyq7m19Y3NLXN7pyajRBBaJRGPRMPDknIW0qpiitNGLCgOPE7rXv96VK/fUyFZFN6pQUzdAHdD5jOClbba5n6h23JiwQKKLtFF8RQ5SrNEttVKj0+GhbaZt4rWWOgH7FnIw1SVtvnpdCKSBDRUhGMpm7YVKzfFQjHC6TDnJJLGmPRxlzY1hlhvc9PxIUN0qJ0O8iOhX6jQ2P09keJAykHg6c4Aq56crY3M/2rNRPnnbsrCOFE0JJNFfsKRitAoFdRhghLFBxowEUz/FZEeFpgonV1OhzB38jzUSkXbKtq3pXz5ahpHFvbgAI7AhjMoww1UoAoEHuAJXuDVeDSejTfjfdKaMaYzu/BHxsc36TqXVQ==</latexit><latexit sha1_base64="fjjMcy6nMYzdajz4qX53e9OjRC8=">AAACCHicbZC7SgNBFIbPxluMt1VLCwcTwcawGxS1EII2lhHMBbKbMDuZTYbMXpiZFcKS0sZXsbFQxNZHsPNtnFwQTfxh4OM/53Dm/F7MmVSW9WVkFhaXlleyq7m19Y3NLXN7pyajRBBaJRGPRMPDknIW0qpiitNGLCgOPE7rXv96VK/fUyFZFN6pQUzdAHdD5jOClbba5n6h23JiwQKKLtFF8RQ5SrNEttVKj0+GhbaZt4rWWOgH7FnIw1SVtvnpdCKSBDRUhGMpm7YVKzfFQjHC6TDnJJLGmPRxlzY1hlhvc9PxIUN0qJ0O8iOhX6jQ2P09keJAykHg6c4Aq56crY3M/2rNRPnnbsrCOFE0JJNFfsKRitAoFdRhghLFBxowEUz/FZEeFpgonV1OhzB38jzUSkXbKtq3pXz5ahpHFvbgAI7AhjMoww1UoAoEHuAJXuDVeDSejTfjfdKaMaYzu/BHxsc36TqXVQ==</latexit><latexit sha1_base64="fjjMcy6nMYzdajz4qX53e9OjRC8=">AAACCHicbZC7SgNBFIbPxluMt1VLCwcTwcawGxS1EII2lhHMBbKbMDuZTYbMXpiZFcKS0sZXsbFQxNZHsPNtnFwQTfxh4OM/53Dm/F7MmVSW9WVkFhaXlleyq7m19Y3NLXN7pyajRBBaJRGPRMPDknIW0qpiitNGLCgOPE7rXv96VK/fUyFZFN6pQUzdAHdD5jOClbba5n6h23JiwQKKLtFF8RQ5SrNEttVKj0+GhbaZt4rWWOgH7FnIw1SVtvnpdCKSBDRUhGMpm7YVKzfFQjHC6TDnJJLGmPRxlzY1hlhvc9PxIUN0qJ0O8iOhX6jQ2P09keJAykHg6c4Aq56crY3M/2rNRPnnbsrCOFE0JJNFfsKRitAoFdRhghLFBxowEUz/FZEeFpgonV1OhzB38jzUSkXbKtq3pXz5ahpHFvbgAI7AhjMoww1UoAoEHuAJXuDVeDSejTfjfdKaMaYzu/BHxsc36TqXVQ==</latexit>

µµ
<latexit sha1_base64="17XEheQS6tyz6fOJAAUHI/Cm2/4=">AAAB73icbVC7TgJBFL2LL8QXamkzEUysyC6NlkQbS0zkkcCGzA6zMGFmdp2HCdnwEzYWGmPr79j5Nw6whYInM8nJOffm3nuilDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2TqwitEUSnqhuhDXlTNKWYYbTbqooFhGnnWhyO/c7T1RplsgHM01pKPBIspgRbJzUrfaFda86KFf8mr8AWidBTiqQozkof/WHCbGCSkM41roX+KkJM6wMI5zOSn2raYrJBI9oz1GJBdVhtth3hi6cMkRxotyXBi3U3x0ZFlpPReQqBTZjverNxf+8njXxdZgxmVpDJVkOii1HJkHz49GQKUoMnzqCiWJuV0TGWGFiXEQlF0KwevI6addrgV8L7uuVxk0eRxHO4BwuIYAraMAdNKEFBDg8wyu8eY/ei/fufSxLC17ecwp/4H3+AGz2j4w=</latexit><latexit sha1_base64="17XEheQS6tyz6fOJAAUHI/Cm2/4=">AAAB73icbVC7TgJBFL2LL8QXamkzEUysyC6NlkQbS0zkkcCGzA6zMGFmdp2HCdnwEzYWGmPr79j5Nw6whYInM8nJOffm3nuilDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2TqwitEUSnqhuhDXlTNKWYYbTbqooFhGnnWhyO/c7T1RplsgHM01pKPBIspgRbJzUrfaFda86KFf8mr8AWidBTiqQozkof/WHCbGCSkM41roX+KkJM6wMI5zOSn2raYrJBI9oz1GJBdVhtth3hi6cMkRxotyXBi3U3x0ZFlpPReQqBTZjverNxf+8njXxdZgxmVpDJVkOii1HJkHz49GQKUoMnzqCiWJuV0TGWGFiXEQlF0KwevI6addrgV8L7uuVxk0eRxHO4BwuIYAraMAdNKEFBDg8wyu8eY/ei/fufSxLC17ecwp/4H3+AGz2j4w=</latexit><latexit sha1_base64="17XEheQS6tyz6fOJAAUHI/Cm2/4=">AAAB73icbVC7TgJBFL2LL8QXamkzEUysyC6NlkQbS0zkkcCGzA6zMGFmdp2HCdnwEzYWGmPr79j5Nw6whYInM8nJOffm3nuilDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2TqwitEUSnqhuhDXlTNKWYYbTbqooFhGnnWhyO/c7T1RplsgHM01pKPBIspgRbJzUrfaFda86KFf8mr8AWidBTiqQozkof/WHCbGCSkM41roX+KkJM6wMI5zOSn2raYrJBI9oz1GJBdVhtth3hi6cMkRxotyXBi3U3x0ZFlpPReQqBTZjverNxf+8njXxdZgxmVpDJVkOii1HJkHz49GQKUoMnzqCiWJuV0TGWGFiXEQlF0KwevI6addrgV8L7uuVxk0eRxHO4BwuIYAraMAdNKEFBDg8wyu8eY/ei/fufSxLC17ecwp/4H3+AGz2j4w=</latexit><latexit sha1_base64="17XEheQS6tyz6fOJAAUHI/Cm2/4=">AAAB73icbVC7TgJBFL2LL8QXamkzEUysyC6NlkQbS0zkkcCGzA6zMGFmdp2HCdnwEzYWGmPr79j5Nw6whYInM8nJOffm3nuilDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2TqwitEUSnqhuhDXlTNKWYYbTbqooFhGnnWhyO/c7T1RplsgHM01pKPBIspgRbJzUrfaFda86KFf8mr8AWidBTiqQozkof/WHCbGCSkM41roX+KkJM6wMI5zOSn2raYrJBI9oz1GJBdVhtth3hi6cMkRxotyXBi3U3x0ZFlpPReQqBTZjverNxf+8njXxdZgxmVpDJVkOii1HJkHz49GQKUoMnzqCiWJuV0TGWGFiXEQlF0KwevI6addrgV8L7uuVxk0eRxHO4BwuIYAraMAdNKEFBDg8wyu8eY/ei/fufSxLC17ecwp/4H3+AGz2j4w=</latexit>
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BSM tridents @ DUNE

`��

`+�
�

⌫↵⌫↵

A

Z 0

A

⌫↵⌫↵

Z 0

Z

Bethe-Heitler (BH)

Dark-Bremsstrahlung (DB) 
Calculation using NWA (negligible!)

Lµ � L⌧
<latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit>
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BSM tridents @ DUNE

`��

`+�
�

⌫↵⌫↵

A

Z 0

A

⌫↵⌫↵

Z 0

Z

Bethe-Heitler (BH)

Dark-Bremsstrahlung (DB) 
Calculation using NWA (negligible!) Dielectron tridents scale very 

differently!

Le � Lµ
<latexit sha1_base64="PqjEjlEeCzz1hGAdE4h0Xo/Z8Tk="></latexit><latexit sha1_base64="PqjEjlEeCzz1hGAdE4h0Xo/Z8Tk="></latexit><latexit sha1_base64="PqjEjlEeCzz1hGAdE4h0Xo/Z8Tk="></latexit><latexit sha1_base64="PqjEjlEeCzz1hGAdE4h0Xo/Z8Tk="></latexit>
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BSM tridents @ DUNE

Smaller invariant masses More collimated signals.

Generated events with dedicated MC, Gaussian smeared them and applied 
background reduction cuts.

Lµ � L⌧
<latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit>

Lµ � L⌧
<latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit>
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BSM          scattering @ DUNE

⌫↵⌫↵

Z 0

e�
<latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit>

e�
<latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit>

⌫ � e
<latexit sha1_base64="fpkjvKcIqldKzSKCBASnkKXzSZI=">AAACI3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLDGRRwKEzA4XmOzs7GbmrsmG8BG2Wvs1dsbGwn9xWCjEaOJJJjk5577m+LEUBl33w8ltbG7ltws7xd29/YPDUvmobaJEc2jxSEa66zMDUihooUAJ3VgDC30JHT+4WfidB9BGROoe0xgGIZsoMRacoZU61b5KLqA6LFW8mpuB/k0qZIXmsOzk+6OIJyEo5JIZ0/PcGAczplFwCfNiPzEQMx6wCfQsVSwEM5hl987pmVVGdBxp+xTSTP3eMWOhMWno28qQ4dT89Bbib14vwfHVYCZUnCAovlw0TiTFiC4+T0dCA0eZWsK4FvZWyqdMM442orUt8TQ1ghs7gjaXlPqaUaZGNACkKsIswOL/kmvXa55b8+7qlcb1KsMCOSGn5Jx45JI0yC1pkhbhJCCP5Ik8Oy/Oq/PmvC9Lc86q55iswfn8An93onM=</latexit><latexit sha1_base64="fpkjvKcIqldKzSKCBASnkKXzSZI=">AAACI3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLDGRRwKEzA4XmOzs7GbmrsmG8BG2Wvs1dsbGwn9xWCjEaOJJJjk5577m+LEUBl33w8ltbG7ltws7xd29/YPDUvmobaJEc2jxSEa66zMDUihooUAJ3VgDC30JHT+4WfidB9BGROoe0xgGIZsoMRacoZU61b5KLqA6LFW8mpuB/k0qZIXmsOzk+6OIJyEo5JIZ0/PcGAczplFwCfNiPzEQMx6wCfQsVSwEM5hl987pmVVGdBxp+xTSTP3eMWOhMWno28qQ4dT89Bbib14vwfHVYCZUnCAovlw0TiTFiC4+T0dCA0eZWsK4FvZWyqdMM442orUt8TQ1ghs7gjaXlPqaUaZGNACkKsIswOL/kmvXa55b8+7qlcb1KsMCOSGn5Jx45JI0yC1pkhbhJCCP5Ik8Oy/Oq/PmvC9Lc86q55iswfn8An93onM=</latexit><latexit sha1_base64="fpkjvKcIqldKzSKCBASnkKXzSZI=">AAACI3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLDGRRwKEzA4XmOzs7GbmrsmG8BG2Wvs1dsbGwn9xWCjEaOJJJjk5577m+LEUBl33w8ltbG7ltws7xd29/YPDUvmobaJEc2jxSEa66zMDUihooUAJ3VgDC30JHT+4WfidB9BGROoe0xgGIZsoMRacoZU61b5KLqA6LFW8mpuB/k0qZIXmsOzk+6OIJyEo5JIZ0/PcGAczplFwCfNiPzEQMx6wCfQsVSwEM5hl987pmVVGdBxp+xTSTP3eMWOhMWno28qQ4dT89Bbib14vwfHVYCZUnCAovlw0TiTFiC4+T0dCA0eZWsK4FvZWyqdMM442orUt8TQ1ghs7gjaXlPqaUaZGNACkKsIswOL/kmvXa55b8+7qlcb1KsMCOSGn5Jx45JI0yC1pkhbhJCCP5Ik8Oy/Oq/PmvC9Lc86q55iswfn8An93onM=</latexit><latexit sha1_base64="fpkjvKcIqldKzSKCBASnkKXzSZI=">AAACI3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLDGRRwKEzA4XmOzs7GbmrsmG8BG2Wvs1dsbGwn9xWCjEaOJJJjk5577m+LEUBl33w8ltbG7ltws7xd29/YPDUvmobaJEc2jxSEa66zMDUihooUAJ3VgDC30JHT+4WfidB9BGROoe0xgGIZsoMRacoZU61b5KLqA6LFW8mpuB/k0qZIXmsOzk+6OIJyEo5JIZ0/PcGAczplFwCfNiPzEQMx6wCfQsVSwEM5hl987pmVVGdBxp+xTSTP3eMWOhMWno28qQ4dT89Bbib14vwfHVYCZUnCAovlw0TiTFiC4+T0dCA0eZWsK4FvZWyqdMM442orUt8TQ1ghs7gjaXlPqaUaZGNACkKsIswOL/kmvXa55b8+7qlcb1KsMCOSGn5Jx45JI0yC1pkhbhJCCP5Ik8Oy/Oq/PmvC9Lc86q55iswfn8An93onM=</latexit>

Analytical expressions available. 

Destructive interference depending on polarity 
and the sign of the charges.
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1� Te
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⌫
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<latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit><latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit><latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit><latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit>

Tth  Te 
2E2

⌫

me + 2E⌫
,

<latexit sha1_base64="BX2iEFdNYsVTKz7ts218hzBEddU="></latexit><latexit sha1_base64="BX2iEFdNYsVTKz7ts218hzBEddU="></latexit><latexit sha1_base64="BX2iEFdNYsVTKz7ts218hzBEddU="></latexit><latexit sha1_base64="BX2iEFdNYsVTKz7ts218hzBEddU="></latexit>

Optimistic threshold at 30 MeV.  
More realistic choice to suppress backgrounds: 400 MeV 
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<latexit sha1_base64="5jFeqKKXfk8XHZHPasV4zrnuo3g="></latexit><latexit sha1_base64="5jFeqKKXfk8XHZHPasV4zrnuo3g="></latexit><latexit sha1_base64="5jFeqKKXfk8XHZHPasV4zrnuo3g="></latexit><latexit sha1_base64="5jFeqKKXfk8XHZHPasV4zrnuo3g="></latexit>
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Experimental Sensitivity

Systematics are very important for neutrino-electron scattering  
(large statistics — sys. limited)

�2 = min
↵

"
(NBSM � (1 + ↵)NSM)2

NBSM
+

✓
↵

�↵

◆2
#
, (1)

<latexit sha1_base64="mYmV1Hm0qhucDxpaN5uuV0XTLzw="></latexit><latexit sha1_base64="mYmV1Hm0qhucDxpaN5uuV0XTLzw="></latexit><latexit sha1_base64="mYmV1Hm0qhucDxpaN5uuV0XTLzw="></latexit><latexit sha1_base64="mYmV1Hm0qhucDxpaN5uuV0XTLzw="></latexit>

Optimistic Conservative

Tth = 30 MeV
<latexit sha1_base64="RB8T9IbxfuoAcH7aC+UwY19l6yg=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBFvB1TAzbWm7EIpu3AgV+oJ2GDJp2oYmM0OSEcpQ8FfcuFDErd/hzr8xfQgqeuByD+fcS25OEDMqlW1/GCura+sbm5mt7PbO7t6+eXDYklEiMGniiEWiEyBJGA1JU1HFSCcWBPGAkXYwvpr57TsiJI3ChprExONoGNIBxUhpyTeP8w0/7QkO1WgKL2DBzsMb0vLNnG05ZbdUrELbsituoVTQRDe3WoSOZc+RA0vUffO9149wwkmoMENSdh07Vl6KhKKYkWm2l0gSIzxGQ9LVNEScSC+dnz+FZ1rpw0EkdIUKztXvGyniUk54oCc5UiP525uJf3ndRA0qXkrDOFEkxIuHBgmDKoKzLGCfCoIVm2iCsKD6VohHSCCsdGJZHcLXT+H/pOVajs7q1s3VLpdxZMAJOAXnwAFlUAPXoA6aAIMUPIAn8GzcG4/Gi/G6GF0xljtH4AeMt0+dvpP3</latexit><latexit sha1_base64="RB8T9IbxfuoAcH7aC+UwY19l6yg=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBFvB1TAzbWm7EIpu3AgV+oJ2GDJp2oYmM0OSEcpQ8FfcuFDErd/hzr8xfQgqeuByD+fcS25OEDMqlW1/GCura+sbm5mt7PbO7t6+eXDYklEiMGniiEWiEyBJGA1JU1HFSCcWBPGAkXYwvpr57TsiJI3ChprExONoGNIBxUhpyTeP8w0/7QkO1WgKL2DBzsMb0vLNnG05ZbdUrELbsituoVTQRDe3WoSOZc+RA0vUffO9149wwkmoMENSdh07Vl6KhKKYkWm2l0gSIzxGQ9LVNEScSC+dnz+FZ1rpw0EkdIUKztXvGyniUk54oCc5UiP525uJf3ndRA0qXkrDOFEkxIuHBgmDKoKzLGCfCoIVm2iCsKD6VohHSCCsdGJZHcLXT+H/pOVajs7q1s3VLpdxZMAJOAXnwAFlUAPXoA6aAIMUPIAn8GzcG4/Gi/G6GF0xljtH4AeMt0+dvpP3</latexit><latexit sha1_base64="RB8T9IbxfuoAcH7aC+UwY19l6yg=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBFvB1TAzbWm7EIpu3AgV+oJ2GDJp2oYmM0OSEcpQ8FfcuFDErd/hzr8xfQgqeuByD+fcS25OEDMqlW1/GCura+sbm5mt7PbO7t6+eXDYklEiMGniiEWiEyBJGA1JU1HFSCcWBPGAkXYwvpr57TsiJI3ChprExONoGNIBxUhpyTeP8w0/7QkO1WgKL2DBzsMb0vLNnG05ZbdUrELbsituoVTQRDe3WoSOZc+RA0vUffO9149wwkmoMENSdh07Vl6KhKKYkWm2l0gSIzxGQ9LVNEScSC+dnz+FZ1rpw0EkdIUKztXvGyniUk54oCc5UiP525uJf3ndRA0qXkrDOFEkxIuHBgmDKoKzLGCfCoIVm2iCsKD6VohHSCCsdGJZHcLXT+H/pOVajs7q1s3VLpdxZMAJOAXnwAFlUAPXoA6aAIMUPIAn8GzcG4/Gi/G6GF0xljtH4AeMt0+dvpP3</latexit><latexit sha1_base64="RB8T9IbxfuoAcH7aC+UwY19l6yg=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBFvB1TAzbWm7EIpu3AgV+oJ2GDJp2oYmM0OSEcpQ8FfcuFDErd/hzr8xfQgqeuByD+fcS25OEDMqlW1/GCura+sbm5mt7PbO7t6+eXDYklEiMGniiEWiEyBJGA1JU1HFSCcWBPGAkXYwvpr57TsiJI3ChprExONoGNIBxUhpyTeP8w0/7QkO1WgKL2DBzsMb0vLNnG05ZbdUrELbsituoVTQRDe3WoSOZc+RA0vUffO9149wwkmoMENSdh07Vl6KhKKYkWm2l0gSIzxGQ9LVNEScSC+dnz+FZ1rpw0EkdIUKztXvGyniUk54oCc5UiP525uJf3ndRA0qXkrDOFEkxIuHBgmDKoKzLGCfCoIVm2iCsKD6VohHSCCsdGJZHcLXT+H/pOVajs7q1s3VLpdxZMAJOAXnwAFlUAPXoA6aAIMUPIAn8GzcG4/Gi/G6GF0xljtH4AeMt0+dvpP3</latexit>

Tth = 400 MeV
<latexit sha1_base64="Diq68+aCOlzgwLEDhE7fZRmN5sg=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2AruCqZaUvbhVB040ao0Be0w5BJ0zY08yDJCGXswl9x40IRt/6GO//G9CGo6IHLPZxzL7k5XsSZVAh9GKmV1bX1jfRmZmt7Z3fP3D9oyTAWhDZJyEPR8bCknAW0qZjitBMJin2P07Y3vpz57VsqJAuDhppE1PHxMGADRrDSkmse5Rpu0hM+VKMpPIdFhHLwmrZcM4vyVtkuFasQ5VHFLpQKmuhmV4vQyqM5smCJumu+9/ohiX0aKMKxlF0LRcpJsFCMcDrN9GJJI0zGeEi7mgbYp9JJ5vdP4alW+nAQCl2BgnP1+0aCfSknvqcnfaxG8rc3E//yurEaVJyEBVGsaEAWDw1iDlUIZ2HAPhOUKD7RBBPB9K2QjLDAROnIMjqEr5/C/0nLzls6qxs7W7tYxpEGx+AEnAELlEENXIE6aAIC7sADeALPxr3xaLwYr4vRlLHcOQQ/YLx9AhMZlDI=</latexit><latexit sha1_base64="Diq68+aCOlzgwLEDhE7fZRmN5sg=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2AruCqZaUvbhVB040ao0Be0w5BJ0zY08yDJCGXswl9x40IRt/6GO//G9CGo6IHLPZxzL7k5XsSZVAh9GKmV1bX1jfRmZmt7Z3fP3D9oyTAWhDZJyEPR8bCknAW0qZjitBMJin2P07Y3vpz57VsqJAuDhppE1PHxMGADRrDSkmse5Rpu0hM+VKMpPIdFhHLwmrZcM4vyVtkuFasQ5VHFLpQKmuhmV4vQyqM5smCJumu+9/ohiX0aKMKxlF0LRcpJsFCMcDrN9GJJI0zGeEi7mgbYp9JJ5vdP4alW+nAQCl2BgnP1+0aCfSknvqcnfaxG8rc3E//yurEaVJyEBVGsaEAWDw1iDlUIZ2HAPhOUKD7RBBPB9K2QjLDAROnIMjqEr5/C/0nLzls6qxs7W7tYxpEGx+AEnAELlEENXIE6aAIC7sADeALPxr3xaLwYr4vRlLHcOQQ/YLx9AhMZlDI=</latexit><latexit sha1_base64="Diq68+aCOlzgwLEDhE7fZRmN5sg=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2AruCqZaUvbhVB040ao0Be0w5BJ0zY08yDJCGXswl9x40IRt/6GO//G9CGo6IHLPZxzL7k5XsSZVAh9GKmV1bX1jfRmZmt7Z3fP3D9oyTAWhDZJyEPR8bCknAW0qZjitBMJin2P07Y3vpz57VsqJAuDhppE1PHxMGADRrDSkmse5Rpu0hM+VKMpPIdFhHLwmrZcM4vyVtkuFasQ5VHFLpQKmuhmV4vQyqM5smCJumu+9/ohiX0aKMKxlF0LRcpJsFCMcDrN9GJJI0zGeEi7mgbYp9JJ5vdP4alW+nAQCl2BgnP1+0aCfSknvqcnfaxG8rc3E//yurEaVJyEBVGsaEAWDw1iDlUIZ2HAPhOUKD7RBBPB9K2QjLDAROnIMjqEr5/C/0nLzls6qxs7W7tYxpEGx+AEnAELlEENXIE6aAIC7sADeALPxr3xaLwYr4vRlLHcOQQ/YLx9AhMZlDI=</latexit><latexit sha1_base64="Diq68+aCOlzgwLEDhE7fZRmN5sg=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2AruCqZaUvbhVB040ao0Be0w5BJ0zY08yDJCGXswl9x40IRt/6GO//G9CGo6IHLPZxzL7k5XsSZVAh9GKmV1bX1jfRmZmt7Z3fP3D9oyTAWhDZJyEPR8bCknAW0qZjitBMJin2P07Y3vpz57VsqJAuDhppE1PHxMGADRrDSkmse5Rpu0hM+VKMpPIdFhHLwmrZcM4vyVtkuFasQ5VHFLpQKmuhmV4vQyqM5smCJumu+9/ohiX0aKMKxlF0LRcpJsFCMcDrN9GJJI0zGeEi7mgbYp9JJ5vdP4alW+nAQCl2BgnP1+0aCfSknvqcnfaxG8rc3E//yurEaVJyEBVGsaEAWDw1iDlUIZ2HAPhOUKD7RBBPB9K2QjLDAROnIMjqEr5/C/0nLzls6qxs7W7tYxpEGx+AEnAELlEENXIE6aAIC7sADeALPxr3xaLwYr4vRlLHcOQQ/YLx9AhMZlDI=</latexit>

�↵ = 1%
<latexit sha1_base64="pvgIbbbS0zofUHI/S4nyCdKGIPk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJtgWXJWZaUvbhVB047KCfUCnlDtp2oZmHiQZoQwFf8WNC0Xc+h3u/BvTh6CiBy73cM695OZ4EWdSWdaHkVpb39jcSm9ndnb39g/Mw6OWDGNBaJOEPBQdDyTlLKBNxRSnnUhQ8D1O297kau6376iQLAxu1TSiPR9GARsyAkpLffMk50o28qHvAo/GgC+w7eZzfTNrFeyKUy7VsFWwqk6xXNREN6dWwnbBWiCLVmj0zXd3EJLYp4EiHKTs2lakegkIxQins4wbSxoBmcCIdjUNwKeylyzOn+G8VgZ4GApdgcIL9ftGAr6UU9/Tkz6osfztzcW/vG6shtVewoIoVjQgy4eGMccqxPMs8IAJShSfagJEMH0rJmMQQJROLKND+Pop/p+0nIKts7pxsvXLVRxpdIrO0DmyUQXV0TVqoCYiKEEP6Ak9G/fGo/FivC5HU8Zq5xj9gPH2CVN/lGo=</latexit><latexit sha1_base64="pvgIbbbS0zofUHI/S4nyCdKGIPk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJtgWXJWZaUvbhVB047KCfUCnlDtp2oZmHiQZoQwFf8WNC0Xc+h3u/BvTh6CiBy73cM695OZ4EWdSWdaHkVpb39jcSm9ndnb39g/Mw6OWDGNBaJOEPBQdDyTlLKBNxRSnnUhQ8D1O297kau6376iQLAxu1TSiPR9GARsyAkpLffMk50o28qHvAo/GgC+w7eZzfTNrFeyKUy7VsFWwqk6xXNREN6dWwnbBWiCLVmj0zXd3EJLYp4EiHKTs2lakegkIxQins4wbSxoBmcCIdjUNwKeylyzOn+G8VgZ4GApdgcIL9ftGAr6UU9/Tkz6osfztzcW/vG6shtVewoIoVjQgy4eGMccqxPMs8IAJShSfagJEMH0rJmMQQJROLKND+Pop/p+0nIKts7pxsvXLVRxpdIrO0DmyUQXV0TVqoCYiKEEP6Ak9G/fGo/FivC5HU8Zq5xj9gPH2CVN/lGo=</latexit><latexit sha1_base64="pvgIbbbS0zofUHI/S4nyCdKGIPk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJtgWXJWZaUvbhVB047KCfUCnlDtp2oZmHiQZoQwFf8WNC0Xc+h3u/BvTh6CiBy73cM695OZ4EWdSWdaHkVpb39jcSm9ndnb39g/Mw6OWDGNBaJOEPBQdDyTlLKBNxRSnnUhQ8D1O297kau6376iQLAxu1TSiPR9GARsyAkpLffMk50o28qHvAo/GgC+w7eZzfTNrFeyKUy7VsFWwqk6xXNREN6dWwnbBWiCLVmj0zXd3EJLYp4EiHKTs2lakegkIxQins4wbSxoBmcCIdjUNwKeylyzOn+G8VgZ4GApdgcIL9ftGAr6UU9/Tkz6osfztzcW/vG6shtVewoIoVjQgy4eGMccqxPMs8IAJShSfagJEMH0rJmMQQJROLKND+Pop/p+0nIKts7pxsvXLVRxpdIrO0DmyUQXV0TVqoCYiKEEP6Ak9G/fGo/FivC5HU8Zq5xj9gPH2CVN/lGo=</latexit><latexit sha1_base64="pvgIbbbS0zofUHI/S4nyCdKGIPk=">AAAB/nicdVDLSgMxFM3UV62vUXHlJtgWXJWZaUvbhVB047KCfUCnlDtp2oZmHiQZoQwFf8WNC0Xc+h3u/BvTh6CiBy73cM695OZ4EWdSWdaHkVpb39jcSm9ndnb39g/Mw6OWDGNBaJOEPBQdDyTlLKBNxRSnnUhQ8D1O297kau6376iQLAxu1TSiPR9GARsyAkpLffMk50o28qHvAo/GgC+w7eZzfTNrFeyKUy7VsFWwqk6xXNREN6dWwnbBWiCLVmj0zXd3EJLYp4EiHKTs2lakegkIxQins4wbSxoBmcCIdjUNwKeylyzOn+G8VgZ4GApdgcIL9ftGAr6UU9/Tkz6osfztzcW/vG6shtVewoIoVjQgy4eGMccqxPMs8IAJShSfagJEMH0rJmMQQJROLKND+Pop/p+0nIKts7pxsvXLVRxpdIrO0DmyUQXV0TVqoCYiKEEP6Ak9G/fGo/FivC5HU8Zq5xj9gPH2CVN/lGo=</latexit>

�↵ = 10%
<latexit sha1_base64="ExJ/kWPI3TuYRpUi9flNy7vzdxM=">AAAB/3icdVDLSgMxFM34rPVVFdy4CbYFV2Vm2tJ2IRTduKxgH9AZhjtp2oZmHiQZodQu/BU3LhRx62+4829MH4KKHrjcwzn3kpvjx5xJZZofxsrq2vrGZmorvb2zu7efOThsySgRhDZJxCPR8UFSzkLaVExx2okFhcDntO2PLmd++5YKyaLwRo1j6gYwCFmfEVBa8jLHOUeyQQCeAzweAj7Hlunkc14maxasil0u1bBZMKt2sVzURDe7VsJWwZwji5ZoeJl3pxeRJKChIhyk7FpmrNwJCMUIp9O0k0gaAxnBgHY1DSGg0p3M75/ivFZ6uB8JXaHCc/X7xgQCKceBrycDUEP525uJf3ndRPWr7oSFcaJoSBYP9ROOVYRnYeAeE5QoPtYEiGD6VkyGIIAoHVlah/D1U/w/adkFS2d1bWfrF8s4UugEnaIzZKEKqqMr1EBNRNAdekBP6Nm4Nx6NF+N1MbpiLHeO0A8Yb5/H+pSk</latexit><latexit sha1_base64="ExJ/kWPI3TuYRpUi9flNy7vzdxM=">AAAB/3icdVDLSgMxFM34rPVVFdy4CbYFV2Vm2tJ2IRTduKxgH9AZhjtp2oZmHiQZodQu/BU3LhRx62+4829MH4KKHrjcwzn3kpvjx5xJZZofxsrq2vrGZmorvb2zu7efOThsySgRhDZJxCPR8UFSzkLaVExx2okFhcDntO2PLmd++5YKyaLwRo1j6gYwCFmfEVBa8jLHOUeyQQCeAzweAj7Hlunkc14maxasil0u1bBZMKt2sVzURDe7VsJWwZwji5ZoeJl3pxeRJKChIhyk7FpmrNwJCMUIp9O0k0gaAxnBgHY1DSGg0p3M75/ivFZ6uB8JXaHCc/X7xgQCKceBrycDUEP525uJf3ndRPWr7oSFcaJoSBYP9ROOVYRnYeAeE5QoPtYEiGD6VkyGIIAoHVlah/D1U/w/adkFS2d1bWfrF8s4UugEnaIzZKEKqqMr1EBNRNAdekBP6Nm4Nx6NF+N1MbpiLHeO0A8Yb5/H+pSk</latexit><latexit sha1_base64="ExJ/kWPI3TuYRpUi9flNy7vzdxM=">AAAB/3icdVDLSgMxFM34rPVVFdy4CbYFV2Vm2tJ2IRTduKxgH9AZhjtp2oZmHiQZodQu/BU3LhRx62+4829MH4KKHrjcwzn3kpvjx5xJZZofxsrq2vrGZmorvb2zu7efOThsySgRhDZJxCPR8UFSzkLaVExx2okFhcDntO2PLmd++5YKyaLwRo1j6gYwCFmfEVBa8jLHOUeyQQCeAzweAj7Hlunkc14maxasil0u1bBZMKt2sVzURDe7VsJWwZwji5ZoeJl3pxeRJKChIhyk7FpmrNwJCMUIp9O0k0gaAxnBgHY1DSGg0p3M75/ivFZ6uB8JXaHCc/X7xgQCKceBrycDUEP525uJf3ndRPWr7oSFcaJoSBYP9ROOVYRnYeAeE5QoPtYEiGD6VkyGIIAoHVlah/D1U/w/adkFS2d1bWfrF8s4UugEnaIzZKEKqqMr1EBNRNAdekBP6Nm4Nx6NF+N1MbpiLHeO0A8Yb5/H+pSk</latexit><latexit sha1_base64="ExJ/kWPI3TuYRpUi9flNy7vzdxM=">AAAB/3icdVDLSgMxFM34rPVVFdy4CbYFV2Vm2tJ2IRTduKxgH9AZhjtp2oZmHiQZodQu/BU3LhRx62+4829MH4KKHrjcwzn3kpvjx5xJZZofxsrq2vrGZmorvb2zu7efOThsySgRhDZJxCPR8UFSzkLaVExx2okFhcDntO2PLmd++5YKyaLwRo1j6gYwCFmfEVBa8jLHOUeyQQCeAzweAj7Hlunkc14maxasil0u1bBZMKt2sVzURDe7VsJWwZwji5ZoeJl3pxeRJKChIhyk7FpmrNwJCMUIp9O0k0gaAxnBgHY1DSGg0p3M75/ivFZ6uB8JXaHCc/X7xgQCKceBrycDUEP525uJf3ndRPWr7oSFcaJoSBYP9ROOVYRnYeAeE5QoPtYEiGD6VkyGIIAoHVlah/D1U/w/adkFS2d1bWfrF8s4UugEnaIzZKEKqqMr1EBNRNAdekBP6Nm4Nx6NF+N1MbpiLHeO0A8Yb5/H+pSk</latexit>

Change thresholds only for nu-e scattering. 

Assuming systematics comes mainly from flux uncertainties.  
Flux cannot be constrained by nu-e scattering measurement for this analysis.
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              sensitivityLe � Lµ
<latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit>
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              sensitivityLµ � L⌧
<latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit>
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⌫↵

A

Z 0

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

⌫↵

Z 0 Z 0

…… ⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>

For                          and                           we have 30% of events with                                

See upcoming talks on MiniBooNE LEE explanations by M. Ross-Lonergan, 
S. Jana and C. Arguelles.

MZ0 = 30 MeV
<latexit sha1_base64="1R4fI+z0jWEnqoQ9ohHDGfPdpng=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoOJYBV2Y6GNELSxCUQwD0zWZXZyNxky+2BmVgjLNv6KjYUitn6GnX/jJNlCowcuHM65l3vv8WLOpLKsL6OwtLyyulZcL21sbm3vmLt7bRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8cbX039zgMIyaLwVk1icAIyDJnPKFFacs2DSsNN7+77sWABZPgCn1oV3IC2a5atqjUD/kvsnJRRjqZrfvYHEU0CCBXlRMqebcXKSYlQjHLISv1EQkzomAyhp2lIApBOOnsgw8daGWA/ErpChWfqz4mUBFJOAk93BkSN5KI3Ff/zeonyz52UhXGiIKTzRX7CsYrwNA08YAKo4hNNCBVM34rpiAhClc6spEOwF1/+S9q1qm1V7ZtauX6Zx1FEh+gInSAbnaE6ukZN1EIUZegJvaBX49F4Nt6M93lrwchn9tEvGB/f/2mUtA==</latexit><latexit sha1_base64="1R4fI+z0jWEnqoQ9ohHDGfPdpng=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoOJYBV2Y6GNELSxCUQwD0zWZXZyNxky+2BmVgjLNv6KjYUitn6GnX/jJNlCowcuHM65l3vv8WLOpLKsL6OwtLyyulZcL21sbm3vmLt7bRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8cbX039zgMIyaLwVk1icAIyDJnPKFFacs2DSsNN7+77sWABZPgCn1oV3IC2a5atqjUD/kvsnJRRjqZrfvYHEU0CCBXlRMqebcXKSYlQjHLISv1EQkzomAyhp2lIApBOOnsgw8daGWA/ErpChWfqz4mUBFJOAk93BkSN5KI3Ff/zeonyz52UhXGiIKTzRX7CsYrwNA08YAKo4hNNCBVM34rpiAhClc6spEOwF1/+S9q1qm1V7ZtauX6Zx1FEh+gInSAbnaE6ukZN1EIUZegJvaBX49F4Nt6M93lrwchn9tEvGB/f/2mUtA==</latexit><latexit sha1_base64="1R4fI+z0jWEnqoQ9ohHDGfPdpng=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoOJYBV2Y6GNELSxCUQwD0zWZXZyNxky+2BmVgjLNv6KjYUitn6GnX/jJNlCowcuHM65l3vv8WLOpLKsL6OwtLyyulZcL21sbm3vmLt7bRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8cbX039zgMIyaLwVk1icAIyDJnPKFFacs2DSsNN7+77sWABZPgCn1oV3IC2a5atqjUD/kvsnJRRjqZrfvYHEU0CCBXlRMqebcXKSYlQjHLISv1EQkzomAyhp2lIApBOOnsgw8daGWA/ErpChWfqz4mUBFJOAk93BkSN5KI3Ff/zeonyz52UhXGiIKTzRX7CsYrwNA08YAKo4hNNCBVM34rpiAhClc6spEOwF1/+S9q1qm1V7ZtauX6Zx1FEh+gInSAbnaE6ukZN1EIUZegJvaBX49F4Nt6M93lrwchn9tEvGB/f/2mUtA==</latexit><latexit sha1_base64="1R4fI+z0jWEnqoQ9ohHDGfPdpng=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoOJYBV2Y6GNELSxCUQwD0zWZXZyNxky+2BmVgjLNv6KjYUitn6GnX/jJNlCowcuHM65l3vv8WLOpLKsL6OwtLyyulZcL21sbm3vmLt7bRklgkKLRjwSXY9I4CyElmKKQzcWQAKPQ8cbX039zgMIyaLwVk1icAIyDJnPKFFacs2DSsNN7+77sWABZPgCn1oV3IC2a5atqjUD/kvsnJRRjqZrfvYHEU0CCBXlRMqebcXKSYlQjHLISv1EQkzomAyhp2lIApBOOnsgw8daGWA/ErpChWfqz4mUBFJOAk93BkSN5KI3Ff/zeonyz52UhXGiIKTzRX7CsYrwNA08YAKo4hNNCBVM34rpiAhClc6spEOwF1/+S9q1qm1V7ZtauX6Zx1FEh+gInSAbnaE6ukZN1EIUZegJvaBX49F4Nt6M93lrwchn9tEvGB/f/2mUtA==</latexit>

M4 = 420 MeV
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How many more BSM models could we constrain if we had this measurement? 

MORE DATA is always better.
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Conclusions

Measuring neutrino trident scattering is certainly an attainable goal for 
DUNE, and possibly for other current and future experiments. 

Neutrino-electron scattering can also be a valuable tool for new physics searches, 
even for              .  

DUNE can confirm or rule out the               explanation of the muon (g-2) 
discrepancy.  

New fundamental forces not the only type of new physics that generate trident 
signatures at neutrino experiments. Many ideas yet to be explore here.
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Other constraints
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Axial-vector couplings
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Combined models
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Coherent cross sections
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